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^ijfe t-^AlSKlx^dy')^ ^ a,b^ -S-^l I xo ,Iyo ^ ^ $ *> * ^ 

M^JLCIx') dy')^ Ixo.Iyo^V '0^1 =1 * , a,b7> &-§: £ 

0_p], #^AlX(I x ') (ly') >"HH*1 90°# 9M\+ fl#*> '0'°1 ^. 

.-g^ *)] 3^ ^ ^71 ^^^IXdx^dy')^ £*J, J13€ #3 

ilJKI x )dy)# ^^(^^^V^ofl *}-g-*H fl^C*)* ^l^m *H 

4^7flS 3H4. 

# ^ ^ 2_^°.3. 41tAS«l 2 ^3f^ 3H*i 

£ 5 

^HMl. ^3. ^-^1. *H£. 
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^{Method and system for correcting the non-linearity error in a 
two- frequency laser interferometer} 

s^*r ^ •ilSL^l ¥ ilx(I x )(I Y )S.^, -g-^5( offset )°1 & 

£ 3^r 5. 2«*fl*H ¥ #^^1s(I x )(Iy) o1 1 ^ ^ A >1r ZL^CLissajous figure) 

51 5fe -g- u a v ^°fl ^2 Bflol^ -T^tHH^ 0 ]a1^ 0.7.} Jitf*^ * 

oil- ol-g-tr ^o] <H*V fltfzj- ^.^^4 ojl- ^Al^-gr ufE} 



44-4 



1020010048463 « 2001/11/19 

S. 6 £ * ^>7fl^l>H ti l A J^ ^*r 7 r &-8r n A 90° £^"¥-3 ¥ #3 

-tls:(I x ')(I y ')S- A i, S-ifl (offset H 5tU. 4=-^, = #^^ls(I x ')(I 

y ')^ ^#*>°17} 90° 7} <L> 3fe U ^H^- 

£ 7 ^ 5i 5 ofl .*\$) =- #^^1^(I X ' )(I y ' Hi cfltr e|A>^ ZL^(Lissajous 
figure) °-sL*l, SL*}7\ 9lSr v\OL^ miSLsL M-El-tfth 

H^ofl.*) ji^ ol^^l wpd^ zle}ji o]^$] *Hf-£ 

r; 9 ^ ^-/j^-^Ai zJo]^^7l( Capacitance- type displacement sensor) 2} ^]}°}*\ 

7 J°m^^ ^i^. - SL 

*: s^^l ^ofl tfl^ -t-3. ii<3 :-k 

1 : sflc>l>|( Frequency stabilized laser) 

2 : ;'l (Beamsplitter) 3 : (Polarizing beamsplitter) 
4a,4b : 7 i -£( mi rror ) 5a, 5b : ^%?KPolarizer) 

6a, 6b : %^%7) (Photodetector ) 7 : 90°fl# ^^7] (90° phase shifter) 
8a, 8b : (Mixer) 9a, 9b : 7^s} (Low-pass filter) 
11a, lib : J±^7l(0ffset adjustment) 

12a, 12b : Ti^- M.^ 7] (Ampl itude adjustment) 
13 : ^.^7] (Phase adjustment) 
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14 : A/D ^£}7] (Analog-to-digital converter) 

15 : D/A & ?! ?1 (Digital-to-analog converter) 

16 : nfl2.5l( lookup table) 100 : ?HM1 
200 : 90°^tf 300 : 

400 : ^#4 *M3.S SS^l^ 

[w^o] AV^*l £tg] 
<24> £ 2 ^TlHH^ 7jo] ^-§- ^#4 ^ y o V ^ ^ 

^^r SL^lS °1» °l-§-tr ^ A o V 4 ^r4 y o Vt £4 #^ A 1^<>11 

°14 ?H]3HH ^^Sl^r ^7l^^l o.xV ^, ^14, ^ ^"8: £. 

^-i- ^ ^4 - u l-***8 

<26> Eflo]x-l(l)oi|^ ^EH, 4H*}JI 44 tt ^ ^44^1 31*1*1 

%#(ol§HH^, HS. 4^ ^4^* 44^ #^r4 ^4^1" 44 £U1 

4 *>^a. °H ^-8-=]^ 44-fr 44 a i4 a 2 4 *H . #3"§- 44 A 
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9\ ee> , ^ A <M: AA <p\ 4 ^2 4 #4.)£ ^^7l(2H 2i*fl 

<27> A o V 7 ] ^-0-^71(2 )^1 51 §fl HlA} £ 7l§%^ eflo]7i 2j%^ofl tfl*H 45° S 

¥°J £#*(5a)* ^ % (6a)^l °J*Hr7ll £4. 

<28> olnfl if- eflol^ ^^vl^-(E ri )(Er 2 ) £r °>2fl^ t^-! 1,24 £°1 

4. 



<29> 



<30> 2] ^2=^exp[/(«» 2 /+e s )] 

<31> 0^*1 ^#7l(6a)^l #^(I r )^r 4^ 34 £^4^r ¥ 3H*1 

%4?o) Ti^AlSS. ^#51 711 £4. 
<32> [^>a1 3] / r «:(^ 2 + J B 2 )/2+^c O 6-[Ac 0 /+(e s -9^)] 

<33> 0)71*1, Aco ^ ¥ 3M*i %^f4 "4n^ .-*K(yi-<U2) 0 l^, *r*M 3 ^ ? 1 

^•tliS. 4-8-^14. 
< 34 > a^v, % ^el7l(2)# f-4^ eD°11 #£^ 7 K3H 4*11 

IrS. £Bl£H £tK frequency mixing) &°1 °^J:^S sMfM. ^el# 

(corner cube prism)£ *}-g-*Rr 7l^(4a)(4b)S 44 ^^Ml £4. n^U, 
o] efloix-1 i^7l^(4a)4 oi-=-7l-!r(4bHl ^ AA d J44 * 4*1 £ 

% #-g-47](3H*l ^^-^H ?HJ^4. 
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o^^^c}.)!- £7fl 3^1, ol eflol^l 2l^^(5b)^r * #3#3 

(6bHH ¥■ 2fl°l*l ^Nf^ T>^^1^7> 3#3?ti £3-. 
<36> olnfl ^ gfloj^ #4-3 #x>7l#(Emi)(Em 2 ) £ °Hti3 t*H 4,53 S <g:£ 
3- 

<3?> 41 Em i= Ae *VV^ t+ ^ 

<38> r Em 2 =Be* V Vi{<* 2 t+Q B +m 

<39> 0^*1 #3#3(6a)3 #§Kl m )£ 33 *r«H 4,5S £^3^ ¥ 31 °1 3 

A}-§-33. 

<40> i + m.^ 6 ] / m «:(^ 2 +S 2 )/2+^ J Bco^[Ato/+(e B -e^;)+9] 

<4i> c^H, 0^ 3^-z>o.S.Ai ( tilAf^cy - 7l^r(4a)(4b) 3-33 f^S^KDl 3 

<42> l^3"3 71 e =4 ' t " z ' /x 

L ¥ 3"i:(4a)(4b) 3-33 ^5L3(LrL 2 H3-. 33 *r*Hl 34 6£ ¥ 
#^3 *>o] Acoo^ nfl^-o] ^sj-^ (beat frequency)!- ^33 ^1 

JUsinusoidal signal )S *\3, 3^3-. 
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<44> ttfEH, 71 ^1 ol^TlEl L £ ^ *MJ4!3L. ^ 3S1 1,-4 I m 

^^"Ms. *>4. 

<45>^x-l, 90°^ £*7l(7)4 ¥ ?fl^ *H(8a)(8b)S ^^H, 

(lockin-an»plifier)4H AfM 90°^ S^-fe ¥ ^OrHU 

<46> 1- ^b]w>o> o]Ai-zV(^)oi *}ol( s ine)4 S*}^ cosine Hi «1 ^1^>^ ^JLl- 

*}7ll £4. <*Ma4, 90°4 ^o] 7 > M-fe 4°J, 3.*}91 AJS^ o^-g^ ol 

90°^^- ^71(7)^1 2]*fl 90°3HH 4^ ^-¥^^1 

- ai^s ^0)^. ^4 2^ 47 ^ ^ -^" ol " 7fls1 ^ 

Ai(8a)(8b)^l ^ a4 S ^fl*} o>efl^ -*vai 8 , 9 ^ 3= aijt S #^sl7fl 

£4. 



<48> 7 v cx cos(Aa.Ocos(Aco/ t +e) 



<49> , >. -, *x K sin(Ao)Ocos(A(B^+0) 

9] * 

<50> Als(I x )(l Y ) ^ JL^4 *i^4 €BK9a)(9b)# *fl7l4 

iH-tfzKfl^-i: 10,114 -ilS(I X )(lY) 7 > 
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[^*H 10] r 

11] * 

< 53 > o}o] ^*VA1 10 4 n o] A|S(I X )(I Y )# ^ £ 22} 2°] ijL Ajjr 4o] ofl 

90°^ itftf x>0H- ^O.^, .Xl^-Ol -g-Ajlol 53-^*1 ^S. 

<54> xl^^l 41^*1 ^Sfl2] 90° 3 # « v ^°fl %^^7l(3)^ ^*fl ^ 

4-7]. 4^ ^ 3H*i ^(UiX^M £3*>7fl <>UHS! ^^-^1 

<55> ZLEiM-, olsq- go] i^- §Jo] 2.x}7} ^3*1 ol^o] 2 

(non-orthogonality of the polarizat ion)4 EHl^ (elliptical polarization), 
W ^^71(3)^1 ^14 Ir^^S °J*H, ¥ ^^S] ^«o] £ 

% 71(3)^1^ ^SMl £33*1 ^ 4^ ^^Hr € 

4. 

<56> olaf 7^-0. £tK frequency mixingH ^*fl ^£ fltf^K 0 )*r ^ *fl ^f- 
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<57> 6\<j\ go] f^sflo] 90°^^- ^7]-£-§- A>-g-*l 2 elH^ tH^^ ^Hr 

<58> .^-71^: W>Sq- #5fl2] £-^*]-§- «*>7l ^ *1 ^ 90° ^^7l#^ 

A>-g-*l 2 ^bH- # A 4?1HH iH^fe *K1, 2 

,40] - #^AlSL2l -7j^, iL^tASM| 2 ^3>^r 3H*i 71*] 

<59> £^ ^^>7l #^Sl S>M-^ ^ A H^, 2 ^-^Hr 

efl°"M L>^^)4 90°^ €% v -^ ^ ^ A cK v ^34- *M3-3. SS^I^t ^ y l*> 
^,1^J o]s.7ll-^ ^ ^3}.^ eflolxi ?J^i>_3. ^£ *H 

^% ^^^dj^l " ^o. S 71^a]^ 

(I r )2f 90°#tf 7l^tlS(l r )€ ^ °l3L^-^ 

xg^H t-^^lSdx 1 )(I y ' )# ^S>:2. *H #^-ir ^ 

£MM, A <M 90°^ -^tH^H #^^1J:(I X ' )dy')4. °H 

ol^ xlS. a>b <4 -g--^ Ixo , Iyo n^lJL <p^2) E^T^f- o] 
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<60> e = tan * 1 [ cos*+( btayj x '-I xo )/(I y '-I yo 01 

<C1 > ^ ^o] cfs- ^a}^, 2 ^-4^ 3H*i ?BM1^ 90°$$ ^ 3 #4 

x] ^4-3] #-%<LS- 7l§A]s.(i r )^ 90°^ 7l^<0^(I r )l- ^ 

^ #^Al^(I x ')(I y ')^, o]ofl £^-5]<H ol-- ^ a;b 2f ^ I xo ,I yo 

ne|ji ifl^> *}efl^ -t^H *}-g-^}oi ^#4(0)^ Tflxj. 

= ^lo^dookup tabled *M^H, fl#*K*)* ^« n A # 7 1 90°^ 

^ Eflo)l-s^-Ei £}oH*r o.S W. 

<62> 0=tan- 1 [cos*+(*/aX^'-^ o ) / ( / v'- / vc>] 

<63> £ £ 4^ ^Alib, 2 31 °H 90°^^" ^ ^ A o v 

o)X\ %4?9] 7 L ^o S 7l^^(i r )^ 90°3# 7l^-tl^(I r )# €■ 
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#^^x(l x ')(I y ')^ ^ a,b^ I xo ,I yo n^Ji $1#*> 

^JKI x ')(I y ')£l ^#-& 2^ 3l# 

#^^^(I x ')(I y ')^l -a-^ Ixo.Iyo 7 !" '0'°] 5 1^> ^ a,b7> £i> 
uj, #^^5L(Ix')(Iy' ) A }°HH 90° 1- ^#-*> ^7> -O'ol S]5L^ Ji^j 

<64> ^fi) 4^ ^H*r, 2 #^31^ 90°^# ^ fl# 

eflol.^ 7j^O.^ .^ig ZJO] ^A)jL(I m Hl ¥ ^^Hr 5 fl 

o]xi a^s] 7l^l;£(I r )*4 90° 3 # £££ 7l-^A]s(I r )# £ 

^ Jsr olS-LEi JL^ %mi5_(l x ')(l y 'm *3 °1 

sJfEi ^o] ^ fl#^((9)-i- ^*>^ 2 ^2}^ eflo]^ 7l*MHH^ 7j 

o] o]*l o^Aj-zV #71 tilid^ ^.*} a.^^1^ #33 

#^tl3L(I x ')(l y ')^ a,b^ -S-^l I xo ,I yo nelJi ^#*> p^-s] e^I 

*H#«Hr *fl 1^13, # 7 1 #^^^(Ix' )(Iy'^ ^^l^M^l 
#^-tlx(I x ' )(I y ')2l nelJl 3#-§: SL^^M 3$ 2:^ ^ojo. ^ 

AV^ fe ^| 2^^1s)-, #7l S-D #°*H ^l«fl #7l «1-^^ SL*> H^^^H #33 
^ #3i]3L(I x ')(l y ')3 I xo ,I yo 7> 'O'ol SlJL, 3,b7> ^ 
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SLv\, t-^^l2l(I x ')(I y ') 4°HH 90° 1- $\^*} <pA '0'°1 S]5L^- iL 

3*Kr A ^ A o V 7l #^^S(I x ')(I y ')^ ^#oj i^jg 

-tl^K i x )(i y )« ^>Hfl^ *r*KH ^-8-*H $\^Aie)% 3l^Kr *ll 4#« £ 
<65> 0=arctan(/y7 JC ) 

<66> o] sHl ^ tt ^ Vt 3 3 °i si -y A a ^ °fl ^ °1 ^ 4 2 $ ^ 

(100)Sf 90°^^ £^-(200)41 nfltt ^£ ^SKU, T^-fi. 

<67> i 4 ^ £ 5# %^\^. , ^ ^r^Hr ^ °1 *<Hr^ *HJ£.S *<8^€ 

7 l^tl^(I r )^- al^ ^ o]^-I-(4a)(4bH ¥ t^Ht 3Mr3 # 

TflClOO)^, ^"71 ?>^7ll(100HH #^^lS(I m )°ll 7l^Als(I r )^ 90° 
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#^^l^(l x ')(I y ')l- #3sHr 90°^ £^(200)4, s:>7l^ ^ A o V 4 tj^-g- 
f>olas. SS.^l^(400)S.-¥-Ei 2:3 ^-fr S^^M «l-id*§ -2-^ iL3 -¥-(300)# 
^sfl 3] = feedback) 5\$= I x * )( I y ' )3 £3! I xo .Iyo 7 > '0 ,o l *l 

^ a,b7> &-§- #^^3KI x , )(I y ') *H<M 90° » $<H\+ ^ A o v 

*V ^7} «(H s]^ SL3*Hr a)^^ ^-¥-(300) ^ -*7l yl^J^ .2.*} 21 

3^(300)^ #^JL(I x ')(I y ')l 3) = ^ ^ #7l #^*1JUI X 

' )(I y ')^ ^ a,b$h I X o,Iyo f> ^ Hf^Tll^l- ^}Ji, 

^l^ei #^ti^(i x ')(i y ')^ ^4 fl^-i: 23 

^Js}^ yl^^ i*}- Ji 3 -¥-(300)3. #^*}J1, ^7] J£^(300) 

#^^lJL(I x )(I y )# ^^o)l ^-§-*H A o^( (9 ) £ ^ 

<68> e =arctan(/y7 Jt ) 

<69> c]^- ^^HItt A o V 7l ?HJ*f|(100)^-, ^r4^r4 ^3 ' ^ 

^-^-51 71 (3)^1 ^^^71 #3#4 £#^(5a)-8r #^#7l(6aHl 

^l^^^-S ^4 -gr&l^ #-g-*i)7](2)4, ^7l %^-^7l(2)^ 7] 
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= gflol^ ^^o] ^Aisoi -7)^Als(I r )l- ^^(8a)^- 90°^ o v W 

7l( 7 )ofl z|zv -g-^-€>}^ ^-^#-7)(6a)^, #-g-el7l(2HH #3*1 ¥ 

^ Ji7^7li;(4a)4 ^l-^^^(4b)<Hl ^H^c^} ti_U]-El^ 

el ]o]^ #^-g- cfA] ^^-*1 ^ ^^"^(5b)€- *«fl ^^# 7 1 (6b)°fl ^^l-Tr 

^-«.^ 7 1(3) A o V 7 ) ^-^-Sl7l(3)2l ¥ Eflolx-1 #^°1 7i^A]Jl 

^^^lsKI m )# ^#*H ^1(8a)(8bH 7-K v i?"i-*Rr %3#7](6b)S ^ 

<70>cc*l t 90°^ ^^-(200)^, A o V7 l %^#7l(6a)°11 H ^Sl-b 

7]^S.(l v m 90°$\<# &&*>]?\ ^M(8bHl ^«Kr 90° ^^ 7 l(7)2l-, 

^7l ^^#7l(6b)<^^ #33^ ^^(ImH ^71 ^^#71(63)^1^1 #^=l 

7l$as(I r )l- ^t^lfe *H(8a)sK ^l #3#7l(6bHH t-^sm ^ 
-ilS(I m )^l #7l 90° 3 # ^71(7)1- ^-*fl 90°^^ ^^r€ 7l^^(I r )# ^^t 
i5}±; eH(8b) ^ ^7l 5lAi(8a)(8bHl*1 #^5l^r #^^ls(l x ' )( I y ' )S.^] 3. 
^4 ^e1^*H iL^7l(lla)(llbHl ^El 

(9a)(9b)S. ^€ ^ 
<7i>zielJi, #7l til^l^ o_^V iL^(300)*r, #7l $]-tfzj- ^-g- n>o]3S SS.^11 
A 1 (400)°fl A 1 #^£l^ 2^ ?i°y v °ll ^sfl ^.^-¥-(300)* f-*fl 

3]E«AS1^ #^Jl d x ')(I y ')^ Ixo.Iyo 7 > '0'°1 S 15L^ SL3*Kr 
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iL^7l(ll a )(llb)4, %A $\%A ^% v\°\3.sL H.3.^H(400HH #^£]^ 
$7) 3.x} ^.^-¥-(300)1- ^-*fl ^^L«H£)^ #^Jl(I x 

')(I y ')5] ^4 a ,b7}- SJr-a- SL^fe ^ SLU 7] ( 12a)(12b) ^ 

90 o a. tjjo^ ^ A o^ P 7 > 'O'O] iL^SRir ^ A o V 31^71(13)1- ^yl^fJl Si 

<72>J^1, a 0 v 7 ] y]A]^ H^^-(300)^| Ji^7l(lla)(llb)^ 70^- 2.^7] 

(12a) (12b) =LB)5L iL^7l(13)^, *\£, &*\3. «fl|^£ f-^^r S. 

<73> y-7i a]^^ o^} ji^(300)# 7]-^- w 0 v«^- ^-g-^l 

■^■71 90°^-^ ^MM200HH #34lJL(I x ')(I y , )iS. ^ #7] 

SKlx'Xly')^ ^ a, b^. I xo , Iy 0 P ^ E}^ Tfl^l- 

^A o VzV(^ ) ^. ^ - ol^ -^olcf. O] oflsflo] -§VA] 221- ^1^*1-71 nfl 

.g-M^o.s a].*i«§ iL^§ ^fe 

< 74 > gc^- AV7l 90°$1# ^^(200)^1 #^l^r #^JL(I x ')(I y ')^ 70S- a , 
bsf, -g-^i I xo , Iyo heUi p E^^Tfl^l- Tflxv^ * i^yjr 

(Ix'XIy') 
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(Ix'Xly 1 )^ cfl$ fltfzK0)-i; Bflo]^-(i 00kup tabled *rW * #71 

^ e $ z])o)^^*e] # 7 ] #^^^(i x ')(i y ') o)) ^^(^># ^ ^ 

< 75 > trig ^ 0 ]^tg 14^r A/D ^^Hji, 15^ D/A tg^H^, 16^ ^ Efl 

°11: 0 1 nflasj (memory )oltf. 

<76> ^ofl^s. ^M^l, 2 ^sHr 2fl°l^ ?BI*I1(100)°IMS1 til^^ c^x}-# £*1 
53^1 HV^*>cf. o]of] ^s>^, 90° 3 # ^tHK200HH ^ #^ 

-tf3L(I x , )(I y , )fe £ 24 £<>l ^^-zv(^)fi] £^«1 40], 3^.0] Aijgroj a^^ei 
^ 90°^ ^SHr *}o]7} -^cf. 

<77> f A. 

t\ & ^7}<* &f>}7\) =}cf. SE*1, on- #^AljL(I x )(I y )ofl e^A^ zieJ^ 

£ 34 ZL^Tll 14^1 ^^KK#)-& 10^ 113 

0 }H^e (arctan), ^ arctan C 7 >/ 7 ~>5.JjLEi fl#zK 0 ^ ^ 01^ .^ 0 ] 

<78> *>.xlnj. f ^aflfi] zjo] ^^oflAlfe ^4^1 ^fl£ %^7l(2)^ 

-H eflolx^ 25 # %^-e)7l(3)^]^ ^sMl £b]£1*1 &:n ^ 

<79> cfA] ^f^, xlS. A) go] - ^3)-- eflo]^ ^ofl ^^-O] ff> £ 
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A 3£:(a, J3 ¥ 3flo]*j j7 3 ^ ^(4a)^ °l-§-7l-g-(4bW*1 zj-zj- 

0fe ^ A, B°fl u]§fl nfl-f ^ <#ojn].. 
<so> a o v 7 )^ ^5]7l(3)ofl 21*11 ^-*fl*]fe ^ 31 °H #4-^ Zj-Zf- A^ C}3 # 

^S(L 1 )(L 2 )1- 7^ ^^-^(5b)^- -f-sfl ^ ^#7l(6b)«fl 5l*fl ^ elM*1 

^8 1-^* ^ 2 ^ 2 

12] ^^^^ +a"+P )/2+ABcos[Aat-+$+(Q B -Q A y]+A$cos[A®t+(Q A -Q B )] 

<82> +^acos[Aco/+(e5-e a )]+v4acos[e+(e a -e 4 )]+ J Bpcos(e+0 s -e p )] 

<83> +apcos[A©f-e+(9p-8 a )] 

<84>#S :> ^-7^*71(63)^1 21*11 3#5L)^r 7l^A]^(I r )^- ^Efl<3} 7l#oflA 1fi }. n> ? ]-7> 

^^-(DC)^&4 7151 a]-^* 4 -^A>*1 iAlSl^l JH^s}- ^ 

(high-pass filter)^ ^sfl ^T^t}. 

<85>4^ > ^Sj-Al 30I 7l^Al^(I r )Sl- ^SVAI 12S1 ^^A]J 1 ( Iin )^ ofeflol ^*VA1 

13 ^ 142]- ^ol Tj-c]-^ aio. S S^u}. 

<86> 



13] / . 0Ccos ( Aw 0 



<87> 



[ 



14] 7ot0C cos ( Affl ^) + [(^P +jBa ) / (^ 5 )] cos (A»0 + (ap)/(^ J B)cos(A(o/-e) 
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<88> = cos(Aco/+9)+r , cos(AcoO + r 2 cos(A(o/-0) 
<89>^71a^ n±r (A£+Ba )/(ABHJL, r 2 ^ a/3/AE °]t±. 

<90> o]o) ^*VA1 140]] .V) >l*fl ^ 71^- nJj^-oj Alsojjl, i-yfl, ^ tilAl^ 

<91>^Oj ^-7j^-7] (6a )( 6b)5L H- E ^ = UJI^OI Al^(I r )(I m )# 90°^ ^ 

^-(200)^ $ A o Vz K0)^ S*}^ £3L°\] 7]9] Hl^S>^ ^Jl# #^*>7fl € 

<92> cfAl 7l-g-iliL(I r )ir 90°^ A o V ^€-7](7)«^l ojSfl 7l^A] jL(I r )Sf, 7]&<£ 

^#7l(6b)5.-^-Bi ^--g-slfe ^^^(I B )^ *r*H 15, 164 

ils(I x ')(I y ')l- i^Ml €^f. 

<93> r ^-ffV-i i-i 4 -cos(AcoO[cos(Aw/ l -l-e)+r 1 cos(AcoO+r 2 cos(Aco/-e)] 
r^^VM 1fi ] / v '=sin(A(oO[cos(Aco/'+e)+r 1 cos(AcoO- t -r 2 cos(Aa)/-e)] 



<94> 



<93> ol^Tfl §*H?1 ^ ■il3L(I x ')(I y , )fe ^El(9a)(9bH JL^4 

^ A cKH# )# 17,184 7 h>^ ^lJL(I x ')(I y ')4 £4. 



<96> 



<97> 



[^§vai 17] 4'=[i+r 2 )/2]cose+r 1 /2 
is] V= -rn-r 2 )/2]sine 
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<98> --svvo 17,18-i- ji^ f e]A>-r n^oflA^ xi 7 ^ p 2< % ^ ^ 



< 99 > _£ m. ^Hflo) 7 ]+o\] S^}^, ^^((9)^ ^§Vil l 9S «Ei 3]^ 



<101> ^o) 19 - ^^VAl 17fl8 3|. ^j-o], z])o]z] #^?1)7}- «l<d^ ^-8: #jI 

m *r*H 19^r ^SJ-tlr ^ A oM] 

<i02>^oflA^ -y^^ = ol ^3Hr ^4(0)^ *K1. ^S 1 ?] 

q^(8a)(8b)S.-¥-Bl t Ms(I x ')(I y , )7> £.*H ^€rfl 

oj<H, igofl <H#4 7j)^ fl-^ 

<ios> .^o] z^ci A^^oflAi^. ^ <>1 ^Cgain) 90°fl# 

7l(7)«>llA^ 90°^^ f-°l ^^Ml 5]^(8a)(8b)S.^-Bl 

#^5]tt ^JL(V)(I y ') # «|t4r ^3 ^^-Al 20,21^ Qo] + 



<100> 



9=arctan(//// x ') 



19] 



<104> 



/ x '=acos(e+<t>)+/.. 



20] 



<105> 



I'=b sin(9)+/, 



[^«N 21] 
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<106> o^H, a s»}- bfe Ixo ^ lyo <P^ 90° -fl #.2.3.^-3 ^ ^>°11- 

<i07> o]^ n]^(8a)(8b) c Hl^ #^5lfe- a}3L( I x ' )( I y ' )7> ^t!: *K1 , ^S.?} 
^W^fe ^1- ^H^-fe ^^l, £ 52f 4^ ^1^-, '0'°1 ^-^^ 90 

^sl-a 4=-^ €iH 0 1^^ E}^<y# ^ 514. 

<ios> ^ 20,21<H1-H a , b^. £3! I xo , I yo $h 90°^ cf-E 

P^-t- ^^HMI 4 1 ,SL^>7}- JS.^ ^^(^)* 20.215. 

<109> 22 ] e = tan- 1 [cos0>+(^)(//-7_)/(//-/^)] 

£]o^ oio^, ^ ^. z v( q )c_^«- Ei o]^-7l^-(4b)^ ^-cfl^^l ^(L)-i: ~T L 

^ ^ safe- 5H^. 

<m> nlo s | > 2 ^sK- ^HMKlOOHH «lid*i -2-*>l- n fl, ^ ?1# 

a, b7> ."Sal -g-^i I xo , I yo 4 90° sq- ^ P 7} '0'IJ ^-foflfe- ^r«K] 22^} 

^*j-dO iy$ l- 7^-0) £H, ^^-ol nflsq- ^-<H*V ^^-^-i: 5>fecf. 

<H2> ^afls. ^^ofl oiol, H 4^1 ^0} <$i& ^AVzV ^^Al^EfloHA-1 

9\- ^ol, .gcol yl^^ O^y i 0 ] nl a] (s a ) (8b)3.^tH #^£lfe 

flx'XV ># *H(8a)(8b) ^fi] A/D £€:7l ( 14)«- f-«fl €€^r * ^ A o Vz l ^ 
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(400)fe %n^5-(l x ')(l y ')2\ =LS.^ eHI^tMI- #9) 

A d 31(100 HH^ *1^ £.*>-i- il*<m <Ui>4 °1 ^-f 221- 7(l-t]:*> 

tt31 A]#oj iJlSl^r ^r^lS. fHl *r*H 221- ^-*h# 

*Rr y o^£r ^^1T> ^tH ^^sfetl $31 7> 

<H3> nfsH, iL^ ™f€ iL^-i: £ 4°flS}- ^°1 T7 -l H(8a)(8b)S.^-Ei #^S]^ a] 

^(I x ')(I y ' HI tfifr c-flojE^ ^>o] 0^4(0)0- 221- 7l^S nisi 

7j|A>*}cx] *]*\f$ _Ox> $,o] ^^-g- *M3~£ <lH(400Hl ^ 

sH Dfls.eKi6)<^l 1-^ Bflol^-dookup tabled *R V *}53 ^7} *H 

(8a) (8b) t-^Elfe ^ls(I x ')(Iy')7} oj^l nfln>4 ZLofl tfl-g-5lfe ^ Aj-z| 

(0)* ^ Bflol^-s^-Ei #o> n^*v ^ oi^. 5jol4. 

<H4> 4a] iH^, fl^zl- #-^-g- n>o]3S. i£S<1 H(400)^ A/D ^^7l(14)# -g-sfl 
^S(I x )(I y )^* ^ °1 tlS(I x )(I y )S: c Hl Sfl#*Rr HH&I 

JH#zK<9)-§- #^-8- SS^HUOOHl °fl5Lsl 

(16)51 ^-^ 22«^1 4^ 

£ mm A l « ^ A o v 4( 6 ^ SZ^K 

<H5> ol^ Efloll-A o)%.i£ h 0 Vb]o S a^l-"LHl 7>^-7ll ^tf&r-i: ^ 91 

o_uj., a ,b^ IxQiIyo e1^31^7} -Uo]m. ^^t}^ ^ ^-f 
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<H6> n><*, -tj-ii 20,21414 b] H(8a)(8b)3-*fEl tl5L(I x ' )( I y ' )» 4 

433.3 ^44 10,114 4°1 4, 4# a 4 b4 4^1 -g-^J I xo 4 

I yo 7> 'O'ol 2:444, ^4 22<^] 9]t% 31444 &JI =^44 1933"4 

<117>^o] 19 6fl o] S fl o^.y-o. tfl«fl>Hfe- 44 3-351 4<3 4 

4 MM 4447H1 ^313 33 4*c) 4 X 1 £fe4. 

<ii8> £ 5°fl ^44. 90 o ^H4 ^44< 200)34^1 ^ #^ a^(I x ' )(I y ' ), 4 

*1^4 44(9a)(9b)44 ^ #3 ili4l x ')(I y ')4 «14^ .2-4 3.4 

■¥-(300)31 3^7l(iia)(llbHl 44 ^£14 =14. 

<nv> zl^jl, 344UlaH °^!4 #4MU X ' )(Iy')^ 4^- 3^71(123)4 

4 4 34 7 1(13)# ^4 3]^a]o.S £L^4 #^4JUI X )3 A/D 44-71(14)1- # 
efl 444 4o]a.^ = 3.414(400)3. SJ^S^, £-31 3^7l(llbH 

^14 f^-aidx'Jdy'^ 4^ 3^71 (12b) 44 ^fl A/D ^471(14)1- *4 

t^Ji(i Y )s 444 ^ ; 34 4 0 l3S 3.344(400)3 <U^^7\] 44. 

<120> <£u} o\^ t <H<>1 ^s. 3^7l(12b)2l #34 44 3.^71(13)0] A/D 4 

t 7 l(14H| zj-zf cj^ig 41=1)5. 44sH 4°lH3 3344(400)4 Si 3 S] 

41 44. °H4. 444 4^4 4433. H344(400)^ 44 34 7 l(i2b)4 
44 34^1(13)31 fij-tlM 7}^s. 44 a,b4 ^ l xo , lyo ^-4 44 
31^1- 4L>43. £4, 4#, 44 4^1 hi 4$ ^^s>7i 44 jxIhmh 

3 4( feedback voltage), 4 3^-8: 4 4 2 "3 44-8: 4 ^441 44. 
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<121> q-M. ^ A cK v ^^-8- u r°1^13- H3.*1M(400)fe 57i\9] slE«fl ^ 

^"3-^ D/A ^^71(15)1- ^f-Sfl al^d^ 3.*} J±^(300)3. ^H^a]^ 90°^ 
# £^f('200'> ^, ^H(9a)(9bH-*1 #§j^ls(l x ' )(I y ' )2] ^ 

<122> t^] ^<5>^, ##Zf ^-g- n>ol3S. 4*1 (400)3.^ S^^o] 

D/A ^^71(15)1- -f-*fl £L^7l(ll a )(llbHl AA ^^H, ^M(9a)(9b)5L 

#^£l^r #^JL(I x ')(I y ')£l <g-*fl I X0 2f \ yo 7\ '0'°1 5)i£^- J^^l £ 

A. ^th %)itA v\o}3.S- 5.^H(400)i^Ei D/A 

(lla)(llb)l- -f-*l f^^Klx'Jdy 1 )^ #-3- as]- b7> ^<H*1 ^-8: A^ 

2D"£<3-|- SJ^^ i^7lci3)^ J±lj7l(lla)(llb)i4 Ji^7l 
(12a)(12b)# ¥ t^ilidx'Jdy')^ ^ ^>°]7> 90° 7} M-S-Ij-, ^ 

*K?>)7r *0' °1 5j£^- i^SjTll ^Cf. 

<123> ^M, ?MM1(100)°1M #^^3Kl x ')(I y ')2l a ,b^ -g-^ I xo , 

i yo nEiui $)^*K<p) ^-5] til^i^ ^.^>7> tii^^ sun a. 

s(I x )(I y )^- ^*}-^ 10,114 £^tr ^> < y, ^^>'?1 <dsi7l- 
<124>a o v- 7 ]^ #^<Q3l(I x )(I y )€- ^t-g- 4°l3S = 3.>MM(400) 

o} 3 E}7jlE ^(arctangent function)!- ^ 31^3 3. <i 
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<125> ^9] Cf^- ^AloflS..^^ <fl<2j H]*}tg 0,x> J±^(300HH £^ ^.^7] 

(llaXllb)^ 3-§f 71 (12a) (12b) ^JL 3# Ji^7Kl3)^ ^ «f 

<1L'6> -g- y^o] A^A]^^- $]SH £ 4 ^ £0. ^ ^-tg^l o}^- ^jo} - ^0,^tLEi 

Si ^ ^'^(9a)(9b)^--f-Hi #^£l^ #^^^(I X ' )(Iy')^ 

^-(300)5.^- B-l t^Jl (I x )U y )# ^ 

HH&l <y#^iLH(data acquisition board)^ A/D ^^l* ^ ^¥*l^-§- ^ 
^ Ji^OOOW £]*r #3J. -g^l il^^-S Hl^^ o^^7i- ^ 

<127>^ > zv #^tlS(I x , )(ly , )CIx)(Iy)^ -2- *K residual error)!- 

«\ f^^l(I x *)(I y ')fe -2-* r 7 r i^£l7l Ol^, ^ ^sflo] 71^^^-Ei 

^ #^^lJl(I x )(I y )^ ^- ^> i^^-(300) 

*\] ^*fl -g-^, 34, 3# SKlt 

<il>8> ol£^*> ^^a!^^- JflsflA^ £ 5 o] 2 ^sf^ Eljolx-l y}^ 741(100)* ^*l*Rrt-fl, 
°H °1^7l^;(4b)^- ^^r-l(Piezo transducer)^ £]*fl °}^r qo]( 

^ //m)i- -g- <y ^ aife oi^m <?H ii*l<5Rr :sj°l yj-^-^^c}. 
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<129> o]§.^-g.( 4b )o| A^j o)^t}±± Aj^Al^-g- ^El^r ^.^(9a)(9b)SJfEi 

9] %-miZL(I x ')(l y ')2\- i±" 7 ^(300)i^-^E^ #^-tlS(I x )(I y )l- 

z]-z}- oj^u>of 20,212] Ef^J^Ai^l 3-g-(fitting)sH A 

(I x ')(I y , )(I x )(I y )^ « Ef^Tjl^l- Z]-Z]- ^t}. ol^Tfl £<H*1 

^A 'A 19S4- 22«fl tflojsH ^ 3*M: ^ ^vai 195 q. ^ 

<130>o]^-^] ^^E^l o^sH ^AV^ ^-s.O_^l-^ ^^^1(100)2] °.A> 

ri^-¥-(300)# ^tilfl 71^31(100)21 _£_*1-S 31 ah 21§H ^fl.A] w)Aj^ 

*\. £ 84 ^-o] #^.tijL(i x ' )(i y ' H tfl«]. a^ji, # 

ol o]s^ xl7l o] ^^ #^A1S(I X - )(I y - ) ^.Cf 1^1 ^o_x>l. 7Mi & 

-§--§- £ ^ 

<132> .m. tg-x^ Aj^g- ^ ^b£*o_^ ^A*\7] ^*fl 2 ^\^- eiH-xi 31(100) 

<133> o^, <H<sJ hJ-^jz]. nl-^7}^.£ 2 ^5>^ It ^ ^1 ( 100)1- A ^ *1 & ^ ^Hl^ 
% °l-g-*H °]^ 7 ^(4b)-i- 2 eflojx-1 

(lOO)S^-El ^ol.^J - ^-o] #^A] 5L ( Ix -) Uy ')( Ix )( Iy )2l- ^-g-^ *H 2. 
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<134> o^o] #^A]iL(I x ')(I y ')^ o}ael^E ) ^ ^ej-Ai 195L Tll^sH <2°1^ ^> ti l 
^ 2.*}7\ Ji^Sl^l ^ o]^7l-i:(4b)^ ^#-8-^ ^°1 

#3* #3 3 ■§-( linear fitting)?! x>o] 7 > 2. 9<HH +7} ^o.S. 5*1=1 

oic|._ cfA] ^Tg, 2 ^^Hr £H°1*1 I>^^](100)sl wl^^ _2_* r 3. <?ltr ^."'1 
30} sinusoidal wave) 3 ^liLS}- ^ ^-g-^^ U<>1 ^7]9\ H]<d^ -£-*r 

o] o>^ SlnV*V 0_^S- £ 90^ ZLEflS°)H 3?-<y-<£ ^ olcf. 

<135> ££*V, ^1 #^^]S(I x )(I y )^ oVa-^S, 193. 7jl<4^H 

^, ^\ (300 Hi ^sfl -g-^I, -51^-, $l-tf f-* i^tr ^^H^l 

order polynominal fitting)**- ^°1 7 > 51 9<*1H ^ id 9X^r. 

°1 Al^7> *r ^4. ^, £ 2 

^5}^- i]]o]x] Ti^^(lOO)^ $L*}7\ ^^1^4. 

<136> £ 84 £ 9<>11 51 *>^, ^-g-^-S. 2 ^ #£31(100)^1 Hi ^ 

9] -8: *r ^Ct. 

<137> it]-e]-A^ £ wV^dl 2 ^^Hr ?>^3H*1 t^l^ ^7l ^o] U ] Aj 

SlM*l ol-g-^V- zjo] 2-^0) £711 *r SU^ S-4-7> ^ 

4. 
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<138> O] #ofl A 1 £ 7}Hl& T^^tl ^*HH ^*fl A i D J: ^1*1 ^^SlSi^l^ £ 
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-t ^ ^ 0 l^l;oll tiV^^ if eflol^ ##<5] #^o_ S ^ 

^§-§- ^ ^^^lS(I m )^l T 3M*i 

H# a,b4 ^ I X o.Iyo ^>^. °H 

71 ^ Tfl ofl Ai 9) Z] o] ^ £ o] «> AVzV ^ 3 tij-tt] . 
0= tan" 1 [cos<t)+( b/a)(I x '-l xo )/(I y '-I vo 0] 
2] 

2 ^3}.^ e flo"|x4, Ti^^s} 90°^ A J- ^ ^3-8- *HH3. = 

i- ^-Hl^H, zl^ ^ ol^TH^-ofl «U>^ if ^s}^ Eflo]^ ?i^o.S. *J 

^ zjoj ^7j-g- <H*> ^^Ais(I m )^ ^ ^fsHr e1M*l ^ 
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oi. b ^ af5 fij. ^ IxQ(Iyo ^e^ji ^aj-^ p = o] B^Tjl^l- o>2fl^ 

^Alofl A4-g-<sM $)^(0)% ^ A W^^lSdx'Xly')^ °l^ E i 

-EflAj-^ ^Ai-zv(^)^- *V ^ Eflo]^-( lookup table ^*H, ^ 

■tfzJ-(0)-8- nu A o > 7 ] 90 o^^ #^il^(I x ')(I y ')^ 

6 = tan " 1 [ cos«j,+ ( b/aXI x '-^V <J y „)] 
3] 

2 sflo]^ SlvM^ 90°^ % « VJ f 3? ^^-8- *1- 0 1£15. = 3-*1M 

1- ^h]^, ^ oj^Tl^oH aVA}^ ^ ^4-^ Eflolxi #4?S] L >^o S 

^€ ^^-i: W #^J:(l m Hl ¥ ^*Hr 3H*i %^r3 ?HJ ^ 

€ 7|^A]^( Ir )2f 90°^# ^^^l5KI r )# £^ ^ °lS-^-Ei Jl^s} 

i xo ,i yo zlsIjl ^3 ej-^tii^*- A 
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^7} f^^(I x ')(I y ')^ E^Tfl^SJfEl #^JUI x ')(I y ')^ 
ZL51J1 ^.^*>7l 2:^ "?1«?M- ^ 2^^1; 

#^^ls(I x ')(I y ' )S1 ^ I xo .Iyo 7 > '0'°1 ^1^- a,b7> ^-^^r ^-S- 

, #^^lJL(I x ')(I y ') 4°HH 90°§ <p7\ '0'°] i^*> 

^ ^ 3^31; 

4] 

^y]^, ji^ ol^Tl^-ofl HVA]-^ ^ z]}o]x\ %4?o) ^ 

^e^SH #^^3L(I X ' )(I y ')» ^^^r ^ 

I xo ,I yo ZLBli <p^2\ Ef^Tfl^l- TfltfSRr l^-Tj]; 

*M #^<il^(I x ')(I y ')^ Ej-^^^rS.^ #^<0^(I x 1 )(I y ')S] ^ 
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^^^SKIx'XIy')^ -g-^j] I xo ,I yo 7} '0'°1 a>b7 > ^-8: 

, t^^Ux'Kly') 4°HH 90° 1- ^ A o v ^ <pA '0'°1 SlH-s- n^s} 

A 3<2-t11; U 

#^^^(i x ')d y ')^ -s-^i, srh iL^^ #^Aiji(i x )d y m a 

6= arctan 
[^t^ 5] 

3f efloix^ #4=^ 7l^-as(i r )J4 -n^ £ °l-^7i-i- 

(4a) (4b HI «>a>^ ^ ^nK- #4?<q ^fb 

^M^jLd m )«- #3*Hr 2 ^2Hr 3H*I ^^1(100); 
A o V7 l ?H^ld00)«lH ^3^^(I m )°11 7l^Ai^(I r )sq- 90° 3 # 

7}^s.(l T m AA * ^ A o v ^ # 

^ tlJKlx'Jdy')* #3*Hr 90° 3 # ^-¥-(200); 

*i- 7 i2i ^^-8- ^mhs. ss.^i.H(4oo)s^-Ei #<y-g- «a^^o> a] -a 

M3-*r(300)# ^-*fl A H «]( feedback #^ *!JL( I x ' )(I y ' )$\ 
Ixo.Iyo 7 > *0 ,o l £ 1^. a,b7> ^ £ on} , *!;£( I x ' )d y ' ) *H 
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°IH 90° €- 9H\1 <P A '(H iL^SHr SL^Y 

(300); ^ 

o,^ ^ »-(300HH #^5)^ M-ajLCIx'Xly')-!- ^Hw" w>o> 
A o W l t^^lSdx'XIy')^ ^ a,b*h I X o,Iyo ^ A o^f *> eJ- 

^S>J1, °lS.^fEl #^^l^(I x ')(I y ')^ ^*>7l 

11^(300)5.^ #^ a^(I x )CIy)l- ^r«h^H 

fl-tfzK0)-& ^-tf^ ^3-8- «W=ls. =s.*1H(400); 

9=arctan(/ v /./ x ) 
[^% v 6] 

■*M 71^31(100)^, ^Hr7> MS. *r*l • 53^-g-8: £fe 

(<yi)((0 2 )# eflol^(i); 

#-afl #3#7l(6aH ^4*1-71 ^1*1 zvzv ^*>^ #£-s]7l(2); 

SfsH siAi(ga)^ 90°fl# ^^7|(7)o11 zVzV ^s}-^ %^#7l(6a); 



44-34 



1020010048463 M 2001/11/19 

a o v 7 ] #£e|7)<2)<*IH ¥ 3H*i J1^7-l-i:(4a)4 °1^ 

T^UbH ^H^tI" &A>slfe ¥ 3H*i 4*1 £^3: £##(5b) 

#7l 71(3)3 f^M*! efl°l^ #^Aj^d m 

)♦ 3#*H sH(8a)(8bHl ^ ^sRr %^#7l(6b); 

# s^S #71 2 ^sHr iiflol^ 7_HMHH<2l z±°] *3 

% ^ ^#4 «rlH^. 
7] 

4 5%H1 &<>H, 

#7l 90°-£l# £tHr-(200)fe, #71 %3#7](6a)°lH ^sq*r 7l^#jL( I r )«- 
90 c £)# sH(8bH ^SRr 90° ## £SM(7); 

#71 %3#7l(6bHH #33^r ^#^(1^1 # 7 1 ^^#7l(6a)^l^ #33 
if 7l§#51(I r )# *H(8a); 

#^1 %3#7l(6bHH #33fe ^^3L(I m )ofl #7l 90°^# €«:7l(7)# ^-*ti 
90°^# 7l^#^(l r )m ^ttb *H(8b); ^ 

#7] »H<8a)(8b>4M ^^(Ix'XIy' ^El JL^5f ^ 

-g-Aji ^7l(lla)(llb)^ ^4 ^-S-sRr 3 iei(9a)(9b); 
1- i^Kf 741- ^$SL3- *}t= #71 2 ^2}^ eflolx-1 ?1*,MHH3 zjo] 
-§- $H* ^#4 
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8] 

ofl.Vj 2:^ ^«fl #7l til^i^ ^.^^-(300)# -§-*fl 2]^L^S] 

f^yi d x ')(I y ')^ ^ I X o,Iyo 7 > '0'°1 ^SL^r iL^Rr £4! iL^l 
( lla)(llb); 

^-8- *H^S. (400)<>fl>H 2^ 3°*H1 # 

7] ti]^ i.^ iL^(300)» #^-tlS(I x ')(I y ')^ ^ a.b 

n £51^- iL3*Kr ^ il^7l(12a)(12b); ^ 
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